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(D  Introduction 

Recognisable  remains  of  the  Chironomidae,  in  the  form  of 
larval  head  capsules,  occur  in  fresh  water  sediments.  A  study  of 
such  remains  from  borings  through  stratified  deposits  may 
indicate  changes  in  the  composition  of  the  chironomid  fauna 
during  the  historical  development  of  lakes.  Furthermore,  the 
study  of  such  remains  from  superficial  layers  of  sediment  may 
provide  an  easy  means  for  the  comparative  study  of  the  composi¬ 
tions  of  present-day  chironomid  faunas  of  different  lenthic 
environments.  Studies  of  this  kind  may  be  of  interest  in  so  far  as 
particular  chironomid  faunas  may  be  indicative  of  different  types 
of  lenthic  environment. 

In  general,  the  head  capsules  of  chironomids  are  well 
preserved,  but  identification  is  usually  possible  only  to  subgenus, 
due  to  the  almost  invariable  lack  of  antennae  and  to  the  difficult 
taxonomy  of  the  group.  However,  subgeneric  determinations  are 
of  value  for  general  considerations  of  lake  typology,  specific  deter¬ 
minations  being  more  important  for  considerations  of  a  more 
particular  nature.  In  older  sediments,  some  fragmentation  of  the 
head  capsules  may  have  occurred,  especially  in  those  of  the  sub¬ 
family  Tanypodinae,  which  have  a  thin  cuticle.  Thus  estimates  of 
the  composition  of  the  chironomid  fauna  from  older  sediments  are 
most  reliable  for  the  non-tanypodine  Chironomidae.  However,  the 
members  of  the  Tanypodinae,  being  carnivorous,  are  less  likely  to 
be  of  importance  as  indicators. 

In  work  of  this  kind,  it  is  necessary  to  consider  the  following 
questions.  In  what  manner  do  these  head  capsules  from  samples 
of  sediment  reflect  qualitatively  and  quantitatively  the  composi¬ 
tion  of  the  chironomid  fauna  at  a  particular  period?  How  large 
must  the  samples  be  to  give  a  reliable  estimate  of  the  composition 
of  the  fauna? 

Data  obtained  by  this  sampling  method  can  give  no  informa¬ 
tion  on  seasonal  or  annual  variations  or  on  the  localisation  of 
faunas  into  microhabitats.  However,  a  small  sample  of  sediment 
represents  deposition  over  a  small  area  for  a  considerable  period  of 
years  and  it  may  be  quantitatively  equivalent  to  extensive 
sampling  by  any  other  method  (e.g.,  for  living  larvae).  Thus  this 
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method  must  be  regarded  as  furnishing  an  “average”  faunistic 
composition,  which  may  be  of  value  for  typological  studies  assum¬ 
ing  that  the  composition  of  the  fauna  changes  only  relatively 
slowly.  In  some  exposed  shallow  ponds  or  lakes,  where  the  rate 
of  sedimentation  is  low,  climatic  effects  (e.g.,  storms)  may  have 
caused  mixing  of  older  with  more  recent  sediments  and  in  such 
cases  no  useful  information  can  be  obtained  by  this  method. 
However,  in  many  lakes  and  ponds,  there  are  stratified  deposits 
in  w7hich  the  deepest  layers  are  the  oldest.  In  such  cases,  any 
mixing  by  storms,  etc.,  probably  only  affects  the  extreme  super¬ 
ficial  layer  of  sediment,  producing  a  certain  amount  of 
homogeneity  so  that  a  small  sample  of  this  sediment  may  be 
expected  to  reflect  the  constitution  of  the  “average”  chironomid 
fauna  of  the  period  of  deposition.  In  large  deep  lakes  “dilution” 
due  to  mixing  from  the  littoral  may  possibly  not  have  a  serious 
effect  on  results  of  samples  from  the  profundal.  Many  other  lakes 
and  ponds  may  show  a  more  or  less  uniform  bottom  deposit,  but 
in  some  cases,  there  may  be  partial  barriers  which  tend  to  prevent 
mixing.  For  example,  samples  from  extensive  shallow  areas, 
especially  where  there  is  rooted  vegetation  (e.g.,  reed  beds),  may 
show  quite  a  different  chironomid  composition  from  samples  from 
the  deeper  parts  of  the  same  body  of  water.  In  such  cases  sedi¬ 
ment  from  each  area  must  be  examined  in  order  to  obtain  any 
valid  results  for  the  lake  or  pond  concerned. 

The  size  of  sample  necessary  to  give  a  reasonable  estimate  of 
the  chironomid  fauna  may  now  be  considered.  Any  analysis  of 
the  Chironomidae  per  unit  volume  of  sediment  will  be  of  little 
value  unless  the  rate  of  deposition  can  be  estimated,  and  it  may 
be  hazardous  to  infer  rates  of  sedimentation  in  the  past.  Further¬ 
more,  deeper  sediments  may  be  more  compressed  than  more 
superficial  ones.  Therefore,  for  preliminary  work,  it  is  thought 
adequate  to  ascertain  the  relative  composition  of  the  chironomid 
fauna,  which  is  not  dependent  on  the  rate  of  deposition.  For 
typological  studies  it  seems  that  those  genera  of  Chironomidae 
which  are  relatively  more  abundant  are  especially  important  as 
indicators.  A  genus  may  be  described  as  relatively  abundant  if  it 
forms  more  than  about  10%  of  the  chironomid  population.  Now 
there  are  seldom  more  than  4  or  5  such  important  or  abundant 
genera  in  any  one  habitat,  so  that  it  would  seem  reasonable  to 
assume  that  identification  of  about  100  heads  per  sample  will 
provide  sufficient  data  for  estimation  of  the  composition  of  the 
chironomid  fauna  as  regards  the  more  numerically  important 
genera.  Thus  the  size  of  sample  may  be  defined  as  ‘large  enough 
to  provide  100  head  capsules’.  In  practice  it  has  been  found  that 
a  small  core,  of  the  size  used  for  pollen  analysis,  or  about  30  cc. 
of  the  superficial  bottom  deposit,  will  usually  provide  more  than 
100  head  capsules. 

Some  of  the  foregoing  considerations  may  now  be  illustrated  by 
reference  to  particular  examples  from  Farley  Pond  (Berks.)  and 
Malham  Tarn  (Yorks.). 
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Columns  T.C.M.A  and  T.C.M.B  of  fig.  2  give  the  composition  of 
the  chironoinid  fauna  from  two  contemporary  cores,  each  from 
a  separate  boring  through  Malham  Tarn  Moss,  and  each  based  on 
the  examination  of  100  head  capsules.  The  close  correspondence 
demonstrated  for  these  two  cores  indicates  that  100  heads  is  a 
sufficiently  large  sample  size  for  ascertaining  the  composition  of 
the  chironomid  fauna,  at  least  for  the  more  abundant  genera.  A 
surface  sample  from  reed  beds  at  Farley  Pond  was  divided  into 
three  parts  (A,  B  and  C)  and  50  heads  obtained  from  each  part. 
The  results  of  these  three  analyses  are  presented  in  fig.  1,  where 
also  the  sum  of  the  first  two  may  be  compared  with  the  average 
for  all  three  indicating  once  again  that  100  heads  are  sufficient. 

The  different  results  obtained  from  surface  mud  from  different 
parts  of  Farley  Pond  (fig.  1)  seem  to  indicate  that  barriers  (in 
this  case  reed  beds)  may  prevent  mixing  of  the  deposit,  so  that 
each  sample  reflects  the  composition  of  the  fauna  of  only  a  part  of 
the  pond,  instead  of  an  “average”  for  the  whole  pond.  This  does 
not  seem  to  be  the  case  with  the  two  different  contemporary 
samples  from  Malham  Tarn  Moss  mentioned  above,  from  which 
it  may  be  inferred  that  there  were  no  such  barriers  or  that  the 
whole  habitat  was  uniform. 

(2)  Technique 

The  technique  involves  firstly  the  breaking  down  of  the  sedi¬ 
ment  into  fine  particles,  with  the  minimum  of  mechanical  grind¬ 
ing.  Fine  muds  may  simply  be  shaken  in  water,  marls  may  be 
treated  with  dilute  acetic  acid,  highly  organic  samples  may  be 
boiled  for  a  short  time  in  dilute  caustic  potash.  The  fine  material 
is  then  pipetted  as  a  long  thin  strip  into  a  petri  dish  containing 
alcohol  and  the  strip  systematically  examined  under  a  binocular 
using  two  fine  needles  to  isolate  the  heads.  Great  care  is  required 
for  this  operation  to  make  sure  that  all  heads  are  recognised, 
otherwise  there  is  a  danger  of  selectively  isolating  the  larger,  or 
more  distinctive,  head  capsules.  Any  head  capsules  found  are 
transferred  to  glacial  acetic  acid,  then  clove  oil,  and  finally 
mounted  in  balsam.  The  necessity  for  preparing  balsam  slides 
is  due  to  the  difficult  taxonomy  of  the  group,  involving  high-power 
microscope  work,  and  also  because  comparisons  may  subsequently 
be  necessary  between  similar  remains  from  diverse  samples.  In 
all  cases  the  samples  are  examined  in  this  manner  until  100  heads 
have  been  obtained.  The  generic  composition  of  the  chironomid 
fauna  may  then  be  readily  expressed  as  percentages  of  the  total 
chironomid  population. 

(3)  Chironomidae  from  the  sediments  of  Malham  Tarn  and  Tarn  Moss 

Malham  Tarn,  situated  at  1,200  ft.  O.  D.  on  the  Yorkshire 
moors,  owes  its  existence  to  the  presence  of  a  broad  shallow 
depression  lined  with  clayey  glacial  drift,  supplied  with  springs 
which  emerge  from  nearby  limestone  due  to  the  presence  of  an 
inlier  of  impervious  silurian  slates.  Borings  establish  that  not 
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Fig.  1. — The  percentage  composition  of  the  chironomid  fauna  of  Farley 
Pond  (Berks.)  based  on  an  examination  of  larval  head  capsules  from  the 
superficial  sediments.  Columns  A.  B  and  C  are  each  based  on  an 
examination  of  50  head  capsules  from  the  sediments  in  the  reed  beds. 
The  analyses  of  the  fauna  from  the  pond  bottom  and  from  the  outflow 
channel  are  each  based  on  an  examination  of  100  head  capsules. 


only  was  the  Tarn  formerly  much  deeper  than  at  present,  but 
that  the  Tarn  was  also  much  more  extensive,  covering  the  areas 
now  occupied  by  Tarn  Moss  and  Fen.  In  general,  the  strati¬ 
graphic  order  of  the  deposits  represents  a  time  sequence,  the 
deepest  layers  being  the  oldest  and  the  superficial  the  most  recent. 

The  stratigraphy  of  the  deposits  has  been  investigated  by 
Pigott  and  Pigott  (1959).  In  general  laminated  lake  clays  overlie 
the  basal  glacial  boulder  clay.  These  lake  clays  eventually  pass 
into  a  calcareous  marl  which  has  continued  to  be  deposited  up  to 
the  present  day  in  the  now  limited  basin  of  the  Tarn,  but  which 
passes  into  peat  under  Tarn  Moss,  indicating  the  period  at  which 
this  shallower  part  of  the  old  Tarn  silted  up.  The  chronology  of 
the  layers  of  stratified  deposit  is  presented  as  a  series  of  zones 
rather  than  as  tentative  dates  (see  Pigott  &  Pigott,  1959). 

A  study  of  the  chironomid  remains  from  borings  through  the 
sediments  has  enabled  some  relationship  to  be  established  between 
the  history  of  the  Tarn  and  the  changes  in  the  composition  of  the 
chironomid  fauna. 

Cores  from  two  borings  through  Tarn  Moss  and  one  boring 
through  the  deeper  sediments  of  the  present  Tarn  have  been 
examined.  The  cores  from  Tarn  Moss  represent  a  sequence  from 
the  upper  lake  clays  to  the  top  of  the  calcareous  marl,  when  this 
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Fig.  2. — Analyses  of  core  material  from  two  borings,  A  and  B,  through 
the  sediments  under  Malham  Tarn  Moss.  T.C.M..  top  of  calcareous  marl. 
TR.,  transition  from  lake  clay  to  marl.  T.L.C.,  top  of  the  lake  clay.  Depths 
are  given  in  centimetres  from  the  top  of  the  marl.  The  histograms  for 
each  core  represent  the  percentage  composition  of  the  chironomid  fauna. 


part  of  the  Tarn  silted  up  (zone  VI),  followed  by  the  development 
of  a  raised  bog  (Tarn  Moss).  The  cores  from  the  present  Tarn 
basin  represent  a  sequence  through  the  lake  clays  and  marl  up 
to  the  most  superficial  (and  therefore  recent)  deposits.  Attention 
to  cores  from  this  boring  has  been  given  mainly  to  those  deposited 
during  zones  VII  and  VIII,  i.e.  more  recent  than  any  of  the 
deposits  under  Tarn  Moss.  It  must  further  be  noted  that  the 
cores  from  under  Tarn  Moss  appear  to  have  been  deposited  in 
shallow  water  whereas  those  from  the  Tarn  were  deposited  in 
relatively  deeper  water  (Pigott  &  Pigott,  1959),  so  that  faunistic 
differences  may  reflect  the  influences  of  these,  as  well  as  of  other, 
factors. 

The  results  from  an  analysis  of  the  cores  through  the  deposits 
under  Tarn  Moss  are  presented  in  fig.  2,  which  is  a  composite  of 
the  two  borings.  From  fig.  2  it  may  be  seen  that  the  qualitative 
nature  of  the  fauna  is  almost  constant  throughout  the  sequence, 
but  that  there  have  been  changes  in  the  relative  abundance  of 
the  represented  genera.  The  fauna  of  zone  III  from  the  upper 
lake  clays  is  characterised  by  Chironomus  and  Tanytarsus  as  the 
relatively  most  abundant  genera  with  Dicrotendipes  and 
‘ Endochironomus'  less  abundant.  Throughout  the  whole  sequence 
Microtendipes  and  Polypedilum  are  present  as  relatively 
unimportant  constituents,  and  Dicrotendipes  is  present  as 
relatively  abundant  at  a  more  or  less  constant  level.  The  main 
changes  through  the  sequence  are  to  be  seen  in  the  genera 
Chironomus ,  Tanytarsus  and  ‘Endochironomus*.  After  the  transi¬ 
tion  to  deposition  of  marl,  ‘Endochironomus*  seems  to  disappear 


/ 


[June 


Early  i  Late  Early 

Zone  VIII  I  Zone  V I  lb 


Zone  IV 


CM 

lO 

CM 

o 

o 

Q 

CO 

o 

t- 

o 

o* 

05 

rH 

CM 

CM 

o 

r— < 


30 


CHIKONOMUS 
(1  rzclcidmg 

^EIMFCLDIA 
-  stippl ed). 


10  - 

DICROTENDIPELS.  J 
HARN/SCHIA.  *  3 

QLYPTOTEND/PES.  *  3 

ETNDOCHIRONOMUS.5  3 


to  - 

MICROTEK  DIPES.  ~ 
POLYPE  OIL  UM  3 


*ERG,ENm  2 

LAUTERbomeUA  3 


TANVTARS  US. 


1962 1 


49 


Early  Late  Early  Zone  IV 

Zone  VIII  Zone  V lib 


© 


© 

-T 


© 

t- 


© 

© 


cm  m  cm 

en  ©  r- 

rl  CM  CM 


10 

20 

10 

OnTHOCLAVlINPtB 


TANyPoDlNtE 


© 

f-H 


Fig.  3. — Analyses  of  cores  from  a  boring  through  the  sediments  under 
the  present  Malham  Tarn  basin.  Depths  are  given  in  centimetres  from 
the  top  of  the  sediment.  The  histograms  for  each  core  represent  the 
percentage  composition  of  the  chironomid  fauna. 


and  during  the  sequence  through  the  marl  (zones  IV-YIa) 
('hironomus,  which  is  already  (zone  IV)  less  abundant  than 
Tanytarsus,  steadily  declines  and  disappears  by  late  zone  V  where¬ 
as  Tarty  tarsus  increases  in  abundance  so  that  by  zones  V-VIa  it 
comprises  65-70%  of  the  total  Chironominae.  From  zone  III  to 
zone  VI  the  climate  became  steadily  warmer  (Pigott  &  Pigott, 
1959),  zone  IV  marking  the  opening  of  the  postglacial  period  and 
zone  VI  marking  the  so-called  climatic  optimum  with  summer 
temperatures  at  least  a  little  warmer  than  at  the  present  time. 
The  change  in  the  fauna  from  zone  III  to  IV  seems  to  be  associated 
with  the  change  from  deposition  of  clay  to  calcareous  material, 
whereas  the  changes  in  the  fauna  through  the  marl  are  likely  to 
be  associated  with  increasing  shallowness  of  this  part  of  the  Tarn 
basin  due  to  silting  up  with  a  decrease  in  nutrient  materials  in 
the  reduced  volume  of  water. 

The  results  from  an  analysis  of  the  cores  through  the  sediment 
of  the  deeper  part  of  the  present  day  Tarn  are  presented  in  fig.  3, 
from  which  it  may  be  seen  that  the  qualitative  nature  of  the  fauna 
is  similar  throughout  the  sequence  and  is  comparable  with  that  of 
the  deposits  under  Tarn  Moss  but  with  several  additional  genera 
((ilyptotendipes,  Hartiischia,  Eirtfeldia,  Sergentia  and  Lauter- 
hornielhi )  occasionally  represented,  mainly  in  small  numbers. 
This  more  varied  fauna  may  be  associated  with  the 
deejxa'  nature  of  this  part  of  the  Tarn  as  well  as  the 
fact  that  the  sequence  extends  up  to  the  present  time. 
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The  fauna  from  the  transition  from  lake  clay  to  marl  (zone 
IV)  differs  from  its  contemporary  deposits  under  Tarn  Moss  in 
that  Dicrotendipes  is  absent  and  Sergentia  is  relatively  abundant. 
During  this  period  Tanytarsus  was  the  most  abundant  but 
Chironomus  and  Microtendipes  as  well  as  Sergentia  were  import¬ 
ant  constituents.  Throughout  zones  Vllb  and  VIII,  Sergentia  is 
absent  and  the  important  genera  are  Tanytarsus,  Chironomus, 
Microtendipes  and  Dicrotendipes.  Microtendipes  remains  at  a 
more  or  less  constant  level  throughout  these  two  zones  and 
Dicrotendipes  occurs  in  variable  quantity.  However,  Tanytarsus 
is  the  most  abundant  genus  during  zone  Vllb  with  Chironomus 
less  abundant,  whereas  during  most  of  zone  VIII  this  relationship 
is  reversed  with  Chironomus  (including  <Einjeldia>)  most  abundant 
and  Tanytarsus  less  abundant  than  during  zone  Vllb.  In  the 
most  recent  sediments  there  is  once  again  a  tendency  towards 
a  reversal  of  this  Tanytarsus-Chironomus  relationship  and  this 
may  be  associated  with  the  recent  historical  construction  of  a  dam 
with  consequent  increase  in  the  water  level. 

(4)  Discussion 

Generally  speaking  the  developmental  history  of  lakes  is  from 
oligotrophy  through  various  stages  of  mesotrophy  to  eutrophy, 
and  existing  lakes  may  be  classified  into  types  according  to  the 
stage  they  have  reached  at  the  present  time  (e.g.,  Welch,  1935). 
It  should  be  noted,  however,  that  in  some  cases  the  sequence  may 
be  arrested  or  reversed  due  to  special  factors  such  as  climatic 
changes  or  changes  in  the  nature  of  sedimentation.  Of  particular 
interest  for  the  present  study  is  the  statement  by  Welch  (1935) 
that  some  lakes  may  fail  to  go  through  all  the  stages  from 
oligotrophy  to  eutrophy  due,  for  example,  to  a  generous  formation 
of  marl  covering  the  bottom  to  such  an  extent  that  the  production 
of  benthic  organisms  and  rooted  vegetation  is  low. 

Many  attempts  have  been  made  to  establish  relationships  be¬ 
tween  lake  types  and  the  predominating  benthic  animals,  especi¬ 
ally  the  Chironomidae  (see  for  example  Welch,  1935 ;  Thienemann, 
1954).  Tanytarsus  is  often  predominant  in  oligo trophic  lakes, 
various  genera,  of  which  Sticto chironomus  and  Sergentia  are  the 
best  known,  are  often  predominant  in  mesotrophic  lakes,  and 
Chironomus  is  predominant  in  many  eutrophic  lakes.  However  a 
simple  relationship  such  as  this  should  not  be  expected  to  hold 
for  all  lakes  and  moreover  in  many  lakes  which  are  mesotrophic 
or  only  moderately  eutrophic  the  composition  of  the  chiron'omid 
fauna  may  be  fairly  complex  (cf.  Farley  Pond,  fig.  1,  where  several 
genera  are  abundant). 

From  the  foregoing  analysis  of  the  Chironomidae  from  the  sedi¬ 
ments  of  Malham  Tarn  it  seems  that  the  sequence  of  change  in 
the  composition  of  the  fauna  through  the  deposits  under  Tarn 
Moss  differs  from  that  of  the  deposits  under  the  present  Tarn. 
This  difference  cannot  be  explained  merely  by  the  fact  that  the 
main  part,  of  this  sequence  examined  through  the  Tarn  sediments 
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is  subsequent  in  time  to  the  Tarn  Moss  sequence.  These  different 
developments  may  be  related  more  with  depth  of  water.  Under 
Tarn  Moss  the  sequence  of  events  may  be  explained  as  due  to  the 
rapid  deposition  of  marl  in  this  part  of  the  Tarn  maintaining  a  low 
rate  of  benthic  production  and  resulting  in  a  decrease  in  water 
depth  so  that  less  organic  detritus  is  available  per  unit  area  of 
bottom  deposit.  In  other  words,  as  this  part  of  the  Tarn  silted  up 
it  proceeded  towards  a  greater  degree  of  oligotrophy  and  this  may 
be  related  with  the  observed  sequence  of  change  in  the  chironomid 
fauna,  Tany  tarsus  increasing  in  relative  abundance  and 
Chironomu8  declining  and  eventually  disappearing  (fig.  2).  The 
sequence  through  the  sediment  of  the  present  Tarn,  particularly 
through  zones  VII  and  VIII  seems  to  represent  the  development 
of  a  deeper  lake  towards  slightly  greater  mesotrophy  accompanied 
by  a  decrease  in  Tanytarsus ,  an  increase  in  Chironomus  and  the 
presence  of  several  genera  which  do  not  occur  under  Tarn  Moss. 
These  additional  genera  indicate  a  richer  fauna  which  may  be 
due  to  the  greater  volume  of  water  in  this  deeper  basin.  Thus 
because  of  this  greater  depth  of  water  the  series  through  the  Tarn 
deposits  seems  to  represent  the  gradual  development  of  a 
calcareous  lake  in  which  the  water  volume  is  large  enough  to 
provide  sufficient  nutrient  material  for  development  through  some 
stages  of  mesotrophy,  perhaps  retarded  to  some  extent  by  marl 
deposition.  The  slight  tendency  towards  reversal  of  this  develop¬ 
ment  in  the  most  superficial  and  recent  sediments  seems  to  be 
associated  with  the  artificial  raising  of  the  water  level  which  has, 
as  it  were,  “set  back"  the  development.  This  increase  in  the 
water  level  has  caused  the  Tarn  to  cut  back  into  some  of  the  peat 
of  Tarn  Moss  and  this  peat  is  redistributed  in  the  superficial  sedi¬ 
ment  of  the  Tarn  in  small  quantity.  This  redistributed  peat  is 
most  appreciable  near  Tarn  Moss  and  associated  with  this  are 
larvae  of  Paratendipes  albimanus  Mg.,  although  they  were  not 
obtained  from  the  superficial  sample  from  the  Tarn,  indicating 
their  relatively  small  numbers.  Thus  the  present  composition  of 
the  chironomid  fauna  of  the  Tarn  is  not  the  direct  result  of  a 
continual  gradual  development,  but  is  modified  by  the  effect  of 
an  artificial  dam. 

The  tendency  towards  greater  abundance  of  Tanytarsus  as 
Tarn  Moss  basin  silted  up  was  of  interest  as  at  Thieves  Moss 
(Austwick,  Yorks.)  there  are  a  number  of  shallow  pools,  some  of 
which  are  on  peat,  but  others  have  a  deposit  of  marl.  Further¬ 
more,  Thieves  Moss  is  in  a  similar  situation  to  Malham  Tarn, 
being  at  a  similar  altitude  on  the  West  Yorkshire  moors  sur¬ 
rounded  by  limestone  cliffs.  These  marl  pools  at  Thieves  Moss 
suggest  a  further  continuation  of  the  tendency  mentioned  above; 
in  this  case  Tanytarsus  is  the  only  member  of  the  Chironominae 
present  and  forms  57  %  of  the  Chironomidae  with  the 
Orthocladiinae  forming  16%  and  the  Tanvpodinae  32%.  As  would 
be  expected  for  a  small  dystrophic  habitat,  the  fauna  of  the  peat 
pools  is  limited  and  made  up  as  follows:  Tanytarsus  70%, 
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Polypedilum  18%,  Chironomus  4%,  Tanypodinae  4%,  and 
Orthocladiinae  4%. 

Although  Farley  Pond  and  Thieves  Moss  have  only  been 
incidentally  examined  in  this  study  it  is  interesting  to  compare 
their  faunas  with  those  of  various'  levels  of  Malham  Tarn  and 
Tarn  Moss  deposits.  Farley  Pond  is  moderately  eutrophic  with  a 
wide  range  of  genera  present,  some  in  appreciable  quantity,  but  no 
one  genus  outstanding.  In  general  the  Malham  Tarn  cores 
represent  a  slightly  mesotrophic  fauna  with  a  number  of  genera 
represented,  of  which  T  any  tarsus,  Chironomus,  Microtendipes  and 
Dicrotendipes  are  the  most  important.  The  Tarn  Moss  cores  in 
general  represent  an  oligotrophic  fauna  with  fewer  genera 
represented,  of  which  Tanytarsus  is  the  most  abundant.  The 
samples  from  Thieves  Moss  show  on  the  one  hand  an  extreme 
oligotrophic  fauna  with  Tanytarsus  comprising  the  whole  of  the 
Chironominae  in  the  marl  pools,  and  on  the  other  hand,  a 
dystrophic  fauna  in  the  peat  pools  with  few  represented  genera  of 
which  Tanytarsus  is  the  most  abundant,  but  Polypedilum  is  a 
lesser,  but  still  important  constituent. 

In  all  of  the  foregoing  emphasis  has  been  placed  on  the  sub¬ 
family  Chironominae  and  little  has  been  said  concerning  the  other 
subfamilies.  In  the  samples  examined  the  Chironominae  form  in 
almost  every  case  more  than  60  %  of  the  total  chironomid  popula¬ 
tion,  which  is  indicative  of  their  greater  importance  as  benthic 
organisms.  The  Chironominae  include  many  forms  which  are 
detritus  eaters  whereas  the  Tanypodinae  are  largely  carnivorous 
and  the  Orthocladiinae  feed  mainly  by  scraping  algae  and  detritus 
from  the  surface  of  stones  and  vegetation,  although  a  few  of  them 
could  be  important  as  benthic  organisms  in  some  lakes.  The 
Diamesinae  are  not  likely  to  be  of  great  importance  from  the 
present  point  of  view  as  they  seldom  occur  in  large  enough  num¬ 
bers  to  form  a  preponderant  part  of  the  chironomid  population. 

Mention  has  already  been  made  in  the  introduction  that  the 
methods  described  in  this  account  rest  on  several  assumptions 
which  may  be  rather  tenuous  and  are  subject  to  certain  limita¬ 
tions.  However,  in  spite  of  this,  for  investigations  of  a  ‘historical’ 
nature,  such  analysis  of  sedimentary  material  seems  to  be  the  only 
method  available.  Furthermore,  analysis  of  ‘recent’  or  ‘present 
day’  fauna  by  examination  of  superficial  lentliic  sediments  may 
also  be  of  value,  especially  for  preliminary  work,  as  the  composi¬ 
tion  of  a  fauna  may  be  worked  out  in  a  relatively  short  space  of 
time  from  material  obtained  on  a  single  field  trip,  instead  of 
involving  collections  of  living  material  extending  over  a  consider¬ 
able  period.  It  should,  however,  be  noted  that  this  kind  of  work 
becomes  very  tedious  when  a  large  number  of  samples  has  to  be 
analysed,  for  instance,  the  work  outlined  in  this  account  has 
involved  the  preparation  of  about  3,000  slides  of  head  capsules. 

In  conclusion,  it  is  suggested  that  ‘historical’  studies  of  this 
kind  on  some  of  the  better  known  and  more  ‘typical’  of  the 
stratified  English  hakes  may  provide  more  interesting  results  as 


Malliam  Tarn  is  a  rather  special  type  of  upland  calcareous  lake. 
Some  interesting  information  may  also  be  obtained  from  com¬ 
parative  studies  of  lakes  and  ponds,  in  which  mixing  of  old  with 
new  sediment  is  thought  unlikely,  by  using  this  method  of  analysis 
of  superficial  deposits.  Of  course,  useful  though  such  information 
may  be,  it  should  only  be  regarded  as  preliminary  and  should  be 
followed  by  more  detailed  work  involving  living  material  with 
specific  identification.  When  we  know  more  about  the  biology  of 
the  commoner  species  of  chironomid  larvae  it  may  be  possible  to 
explain  better  the  relationships  between  different  chironomid 
faunas  and  different  types  of  lenthic  environments.  Such  relation¬ 
ships  are  not  likely  to  be  explained  from  one  aspect  alone  (e.g., 
respiration  studies),  but  from  a  synthesis  of  a  number  of  aspects 
each  of  greater  or  lesser  importance  (e.g.  respiration,  feeding 
habits,  adaptability  to  physical  conditions,  etc.). 
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(7)  Appendix 

As  an  appendix  the  hypostomial  region  of  some  of  the  head  capsules 
which  have  been  recognised  during  this  work  are  illustrated  (fig.  4)  to 
avoid  possible  confusions  should  the  results  of  this  work  be  compared  with 
that  of  others.  Illustrations  of  hypostomial  regions  of  the  other  larvae 
mentioned  in  this  paper  will  be  found  in  Bryce  (1960). 

Identification  of  head  capsules  during  this  work  has  been  assisted 
because  living  larvae  from  Farley  Pond  and  Malham  Tarn  have  been 
reared  to  the  adult  stage  so  that  named  head  capsules  could  be  compared 
with  those  from  the  sediments.  However,  this  has  not  been  possible  in 
every  case  so  that  some  of  the  determinations  are  only  tentative :  e.g., 
Kiefferulus  and  Einfeldia  ‘insolita’  group  from  Farley  Pond,  and 
Chironomus  ‘ Einfeldia ’  group  from  Malham  Tarn.  Also  the  “Endochirono- 
mus”  from  Malham  have  a  hypostomium  hardly  distinguishable  from  the 
Phaenopsectra  (?  flavipes)  from  Farley. 


Fig.  4. — Hypostomial  plates  and  striated  plates  of  some  Chironomidae 
larvae:  (A)  Chironomus  ‘?  Einfeldia’  group  (Malham),  (B)  ?  Einfeldia 
‘insolita’  group  (Farley),  (C)  ?  Kiefferulus  (Farley),  (D)  Lauterborniella 
s.s.  (Farley),  (E)  7  Endochironomus’  (cf.  Phaenopsectra  flavipes )  (Malham). 
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